In order to identify the risk factors and the incidence of post-operative spinal epidural haematoma, we analysed the records of 14 932 patients undergoing spinal surgery between 1984 and 2002. Of these, 32 (0.2%) required re-operation within one week of the initial procedure and had an International Classification of Diseases (ICD)-9 code for haematoma complicating a procedure (998.12). As controls, we selected those who had undergone a procedure of equal complexity by the same surgeon but who had not developed this complication. Risks identified before operation were older than 60 years of age, the use of pre-operative non-steroidal anti-inflammatories and Rh-positive blood type. Those during the procedure were involvement of more than five operative levels, a haemoglobin < 10 g/dL, and blood loss > 1 L, and after operation an international normalised ratio > 2.0 within the first 48 hours. All these were identified as significant (p < 0.03). Well-controlled anticoagulation and the use of drains were not associated with an increased risk of post-operative spinal epidural haematoma.
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Jackson
1 in 1869 is commonly credited as the first to describe a spinal epidural haematoma. Since then, several hundred cases with various aetiologies have been reported. [2] [3] [4] [5] [6] [7] [8] [9] In a review of the literature, Rainov, Heidecke and Burkert, 10 identified trauma, lumbar puncture, indwelling spinal catheters, anticoagulation, blood dyscrasias, infections, vascular malformations, pregnancy, and spinal surgery as risk factors.
Although spinal epidural haematoma usually occurs after a spinal operation, 11 the majority are clinically asymptomatic. Nevertheless, on rare occasions, spinal epidural haematoma can cause clinically evident compression of the spinal cord or a nerve root which may require operation. 2 The incidence of postoperative spinal epidural haematoma requiring evacuation ranges from 0.1% to 3%. 3, 5 Although rare, these haematomas can have devastating neurological consequences, including sensory, motor, bladder, and bowel disturbance 5 despite a successful and uncomplicated initial elective procedure. Once a post-operative spinal epidural haematoma is detected, the patient is usually returned to the operating room as an emergency for evacuation, haemostasis, and possible additional decompression.
We have carried out a detailed review of the literature. Most reported studies concentrate on the development of spontaneous spinal epidural haematomas, and there are few reports concentrating on post-operative cases, 4, 5, 12, 13 of which only a few attempt to identify risk factors for its development. 4, 14 We therefore reviewed the cases of post-operative spinal epidural haematomas which required surgical reintervention secondary to neurological compromise in this hospital in order to identify pre-operative, intra-operative, and post-operative risk factors.
Patients and Methods
The surgical log database, which contains details of all operations performed from August 1984 to the present, was reviewed to identify patients undergoing all levels of spinal surgery during a period of 18 years from August, 1984 to May 2002. The patients included in the study had required re-operation within one week of the initial procedure which had not been part of a planned staged operation and had the International Classification of Diseases (ICD)-9 code for a haematoma complicating a procedure (998.12). Of the 14 932 patients identified, 32 (0.2%) met these criteria and all had developed some degree of neurological compromise. There were seven postoperative spinal epidural haematomas in the cervical region, three in the thoracic, five in the thoracolumbar, and 17 were located in the lumbar spine. A control group of patients was selected on the basis of having undergone a procedure of equal complexity performed by the same surgeon within one month of the initial procedure. Three control patients were selected for each patient with a post-operative spinal epidural haematoma.
A detailed review of the in-patient charts of patients in the study and control groups was carried out. The factors considered were categorised as pre-operative, intra-operative, and post-operative.
Pre-operative variables (Tables I and II) included the age, gender, comorbidities (including pre-operative coagulopathies), previous spinal operations, spinal diagnosis, preoperative use of antiplatelet/anticoagulant medication, laboratory values such as the haemoglobin/haematocrit, platelets, prothrombin time, prothrombin ratio, international normalised ratio, activated partial thromboplastin time, activated partial thromboplastin ratio and blood group.
Intra-operative considerations (Tables III and IV) included the type and length of the procedure, the estimated blood loss, the volume of crystalloid infused, the number of units of intra-operative blood products (packed red blood cells, fresh-frozen plasma, platelets) infused, whether a cell saver was used and if so the volume that was reinfused and the laboratory values as previously described.
The features assessed at the time the patient developed a symptomatic post-operative spinal epidural haematoma (Table V) included the use of a subfascial suction drain, the type of procedure performed during the evacuation, the estimated blood loss during the procedure and the laboratory values at the time of onset of symptoms.
The data were analysed using a multiple logistic regression model to determine the significance of the individual factors independent of other variables and the odds ratios for those observations. This allowed us to control the effects of the other independent variables in order to assess the true significance of the independent variable being analysed. A p value of < 0.05 was considered statistically significant. All statistical analyses were performed on a personal computer with the package STATA for Windows (StataCorp LP, College Station, Texas).
Results
Univariate analysis showed that pre-operative factors which were significant risks for post-operative spinal epi- A similar analysis of intra-operative variables showed that more than five operative levels (p = 0.048), a haemoglobin < 10 g/dl (p = 0.050) and blood loss > 1 L (p = 0.38) increased the risk of epidural haematoma formation. The duration of surgery, the need for fresh-frozen plasma or platelets, the use of a cell saver, and intra-operative laboratory values except for haemoglobin, were not critical factors.
Post-operatively, there was one significant factor, namely an international normalised ratio > 2.0 within the first 48 hours (p = 0.043) that increased the risk of epidural haematoma. The use of well-controlled anticoagulation for deep-vein thrombosis and/or cardiovascular prophylaxis (p = 0.67) and the lack of subfascial drains (p = 0.54) were not associated directly with the development of a postoperative spinal epidural haematoma.
Discussion
Although rare, a post-operative spinal epidural haematoma can have devastating neurological consequences. To understand completely the process of its development, its aetiology must be considered. The literature suggests that spontaneous spinal epidural haematoma occurs because of rupture of the internal vertebral venous plexus of Batson. 15 Considering this as applied to operation, Kou et al 4 suggested that multilevel procedures increased the risk of rupture of this venous plexus, thus increasing the risk for the development of a compressive haematoma. Although this hypothesis has not been validated, the highly vascular nature of the spinal column can result in high blood loss, especially during arthrodesis. 16 In a series of investigations of spinal cord compression in dogs, Tarlov et al [17] [18] [19] [20] [21] concluded that recovery depended on both the magnitude and duration of compression. Delamarter, Sherman and Carr 22 confirmed this finding in a dog model. However, studies of the effect of the magnitude and duration of cord compression in humans have produced conflicting results. Lawton et al, 5 Grollmus and Hoff, 23 and McQuarrie 24 showed that the findings in dogs correlated with humans, but other series have shown no relation between the duration of compression and functional recovery. 3, 25, 26 We are aware of only one study in the English literature which attempted to identify the risk factors. 4 Kou et al 4 found that patients undergoing multilevel procedures and those with pre-operative coagulopathy were at increased risk. Other factors such as age, body mass index, peri-operative durotomy and the use of drains did not increase the risk compared with matched controls. We agree that multilevel procedures constitute a risk but in our patients, an age greater than 60 years was also associated with an increased risk. We did not find coagulopathy significant when factors such as age and the number of levels were considered. This is difficult to explain because coagulopathy would be expected to place the patient at increased risk. We also noted that use of tobacco was an insignificant risk, contrary to conventional beliefs, possibly because of bias of selection in the control group. The use of drains in spinal surgery has been controversial but many investigations during the last two decades have addressed the use of drains in other fields of surgery. Sasso et al 27 showed that drains made no difference in wound healing from donor sites for bone graft in the iliac crest. In a study of total knee arthroplasty, Esler, Blakeway and Fiddian 28 showed that drains were associated with higher blood loss but made no difference in post-operative swelling, pain score, incidence of pyrexia, ecchymosis, time at which flexion was regained, need for manipulation or the incidence of infection. Manian et al 29 found an increased incidence of post-operative wound infection in patients who had a drain in place for more than one day. In the German literature, one meta-analysis of prospective usage of drains in aseptic orthopaedic surgery showed no long-term positive effects and indicated an association with septic complications. 30 In spinal surgery, drains are commonly used as a prophylaxis against a haematoma which might cause neurological compromise or wound complications. However, a search of the literature found no reports supporting this hypothesis. As noted above, Kou et al 4 suggested that drains had no preventive effect on the development of post-operative spinal epidural haematoma. The only prospective study to date on the use of drains in spinal surgery 31 found that in single-level lumbar laminectomies, there was no significant difference in post-operative wound infection, neurological deficits or wound healing whether or not a drain was used. Most of the patients in our study and control groups had drains. Although determining the true value of their function was not our purpose we found that their use was not a significant variable. A prospective study would be required to delineate the effect of suction drainage on the development of post-operative spinal epidural haematoma and its effect on wound healing.
There are numerous case reports describing the association with spontaneous spinal epidural haematoma and the use of anticoagulant therapy. 24, [32] [33] [34] [35] [36] The specific use of anticoagulants such as coumadin and low-molecular-weight heparin for the prophylaxis of deep-vein thrombosis has not been associated with the formation of a symptomatic haematoma, but we found that patients who were coagulopathic from the procedure itself or from overmedication with anticoagulants had a higher risk of post-operative spinal epidural haematoma. This suggests that using anticoagulation post-operatively is safe as long as its use is monitored carefully. However, a larger series is needed to confirm this finding because our results were skewed by a few patients with considerably abnormal values.
Our study had some limitations. Retrospective studies are inherently problematic and subject to multiple biases. It may not have been possible to identify all of the occurrences of post-operative spinal epidural haematoma; not all of the cases were confirmed pre-operatively by imaging but were based on the individual surgeon's clinical acumen. The study did not address the correlation between the timing of surgery, the number of risk factors, the extent of neurological compromise, and the prognosis for neurological recovery. Nevertheless, to our knowledge, our study represents the largest series to date of patients with post-operative spinal epidural haematomas. However, analysis is difficult because of the rarity of this condition; a large, multicentre prospective study is needed to fully investigate its associated risks and consequences.
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